The relative burden of community-acquired pneumonia (CAP) in older adults (≥65 years old) compared to other serious diseases is important to prioritize preventive treatment. A retrospective analysis was conducted using the 2014 National Readmission Database to evaluate the length of stay, inpatient mortality, 30-day readmissions, and costs of CAP compared to diabetes mellitus (DM), myocardial infarction (MI), and stroke. 275,790 hospitalizations were analyzed and represented a national estimate of 616,300 hospitalizations, including 269,961 for CAP, 71,284 for DM, 126,946 for MI, and 148,109 for stroke. The mean length of stay in CAP was 5.2 days, which was higher than DM (4.6) and MI (4.3) but similar to stroke (5.6). The inpatient mortality risk was lower for DM (RR: 0.37, 95% CI: 0.29-0.46) but higher for MI (RR: 1.67, 95% CI: 1.50-1.85) and stroke (RR: 1.67, 95% CI: 1.51-1.83). The median costs for CAP ($7282) were higher compared to DM ($6217) but lower compared to MI ($14,802) and stroke ($8772). The 30-day readmission rate was 17% in CAP, which was higher compared to MI (15%) and stroke (11.5%) and lower compared to DM (20.3%). In patients with CAP, disease burden is on par with other serious diseases. CAP should be prioritized for prevention in older adults with strategies such as vaccination and smoking cessation.
Introduction
Community-acquired pneumonia (CAP) is the eighth leading cause of death and the foremost cause of death from infectious diseases in adults aged 65 years and older, therefore contributing significant morbidity and mortality in this population [1, 2] . The impact of CAP is greater than in other age groups, accounting for a majority of severe cases and most of the direct medical costs [3, 4] . The annual incidence of CAP in this population is four times that of younger populations. Older adults also have higher rates of hospitalization and are more likely to die as a result of CAP [4] [5] [6] . This disease burden in the older population is expected to further increase in the coming years, with 20% of the world's population reaching advanced age by 2050 [3, 7] .
In addition to advanced age, risk factors for CAP include male sex, alcohol use, smoking, comorbidities (e.g., chronic obstructive pulmonary disease (COPD), congestive heart failure (CHF), cystic fibrosis, asthma, chronic renal disorders, hepatic conditions, diabetes mellitus, cancer, HIV infection, myeloma, surgical or "functional" asplenia), immunosuppressive conditions, and medications (e.g., inhaled corticosteroids, inhaled anticholinergics, chemotherapy, proton pump
Materials and Methods
A retrospective cross-sectional analysis was conducted using the 2014 National Readmission Database (NRD)-a part of a family of databases developed for the Healthcare Cost and Utilization Project (HCUP) by the Agency for Healthcare Research and Quality in the United States [20] . The NRD provides information on demographics, diagnoses, procedures, comorbidities, and hospitalization outcomes in a nationally representative sample accounting for 51.2% of the U.S. population and 49.3% of all U.S. hospitalizations [20] . Unweighted, the NRD contains data from approximately 15 million discharges annually, which represents 35 million discharges once weighted to be nationally representative. Weighting accounts for demographic differences and geographic sampling so that the data can be representative of the general US population, not just of the states that are present in the database. Each individual hospitalization is deidentified and maintained as a unique entry. Use of the NRD data for this study was considered exempt by the University of Florida Institutional Review Board.
Individuals aged ≥65 years old with a primary diagnosis of CAP, DM, MI, or stroke were included in the study. Cases were identified using the corresponding International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes listed in Table A1 [21, 22] . Cases with a primary diagnosis of septicemia or respiratory failure and a secondary diagnosis of CAP were also included as CAP cases. Patients with any of the comparison conditions as a secondary diagnosis were excluded. Patients with unconfirmed values and outliers for the outcomes of interest (length of stay and charges) were excluded using quantiles for normal distribution (e.g., those less than 1% ($4273) or greater than 99% ($372,073) for the total charge and those less than 1 day or greater than 31 days for the length of stay were excluded). A flow chart of the sample selection is provided in Figure 1 .
Individuals' demographic and clinical characteristics, comorbidities, admission, and hospitalrelated variables were extracted from the core, and severity measures and hospital weights files of the NRD were analyzed. The number of chronic conditions, risk of mortality subclass, and severity of illness subclass were also assessed as comorbidity and risk measures [17] . A description of the data elements is provided in Appendix A. Individuals' demographic and clinical characteristics, comorbidities, admission, and hospitalrelated variables were extracted from the core, and severity measures and hospital weights files of the NRD were analyzed. The number of chronic conditions, risk of mortality subclass, and severity of illness subclass were also assessed as comorbidity and risk measures [17] . A description of the data elements is provided in Appendix A.
In-hospital mortality was defined as the percentage of deaths within the index hospitalization period. Length of stay (LOS) was calculated by subtracting the admission date from the discharge date. Costs for each discharge were estimated by multiplying total charges by the all-payer inpatient cost/charge ratio, which was based on the hospital-specific all-payer inpatient cost/charge ratio (APICC) when available, or the hospital group average all-payer inpatient cost/charge ratio (GAPICC) otherwise. Total charges and costs did not include professional fees and uncovered charges. Total summed costs were also obtained for each condition. 30-day readmissions rates were also obtained in the study cohort for those who were alive at discharge.
Descriptive and summary statistics (mean, median, mode, standard deviation) were obtained for continuous variables such as age and number of chronic conditions. Frequencies were accessed for each level of categorical variables, and chi-square and Fisher's exact tests were conducted to determine statistically significant differences in the characteristics across the four patient groups. A complete case analysis was used to address missing values for key variables. For the non-normally distributed continuous outcomes (length of stay and cost), comparisons were made using Kruskal Wallis test. The 30-day readmission rates for the conditions were also estimated.
Associations between inpatient mortality and diagnosis were examined by generalized linear models using a modified Poisson distribution to estimate the relative risk of death with 95% confidence intervals. Covariates that were shown to be significantly different across the four groups and identified as potential confounders were adjusted for in the model. CAP cases were used as the reference group in all comparisons and an a priori significance level of α = 0.05 was used in all analyses. All analyses were conducted using SAS Software 9.4 version (c) 2002-2012, SAS Institute Inc., Cary, NC, USA.
Results
A total of 275,790 hospitalizations representing a national estimate of 616,300 hospitalizations were included in this study. Of the sample, 43.8% had CAP as the primary diagnosis while 11.6% had DM, 20.6% had MI, and 24.0% had stroke as the primary diagnosis. The mean patient age was In-hospital mortality was defined as the percentage of deaths within the index hospitalization period. Length of stay (LOS) was calculated by subtracting the admission date from the discharge date. Costs for each discharge were estimated by multiplying total charges by the all-payer inpatient cost/charge ratio, which was based on the hospital-specific all-payer inpatient cost/charge ratio (APICC) when available, or the hospital group average all-payer inpatient cost/charge ratio (GAPICC) otherwise. Total charges and costs did not include professional fees and uncovered charges. Total summed costs were also obtained for each condition. 30-day readmissions rates were also obtained in the study cohort for those who were alive at discharge.
A total of 275,790 hospitalizations representing a national estimate of 616,300 hospitalizations were included in this study. Of the sample, 43.8% had CAP as the primary diagnosis while 11.6% had DM, 20.6% had MI, and 24.0% had stroke as the primary diagnosis. The mean patient age was 78.8 (±8.1) years. Patients with CAP were of similar age or were older compared with patients with stroke, DM or MI. A majority of the sample were Medicare beneficiaries (91.6%), females (54.2%), living in fringe counties of metro areas of ≥1 million people (25.0%), and in areas with an estimated median household income of $40,000-50,999 (28.6%). Most patients had non-elective (94.5%) weekday admissions (74.7%). The sample population had a median of six chronic conditions, with 73.4% having hypertension as a comorbidity. Descriptive statistics for the sample population are presented in Table 1 . 
Inpatient Mortality
The inpatient mortality for CAP patients was 4.0% while those for DM, MI, and stroke patients were 0.9%, 5.4%, and 4.9% respectively (p < 0.0001). The overall inpatient mortality was 4.2%. In the unadjusted analysis, the risk of inpatient mortality was lower in DM (RR 0.20; 95% CI; 0.18-0.23) but higher in MI (RR 1.33; 95% CI; 1.27-1.40) and stroke patients (RR 1.19, 95% CI; 1.14-1.26) compared to CAP patients. Adjusting for observed variables, the risk of inpatient mortality remained consistently lower for DM patients (RR: 0.37, 95% CI: 0.29-0.46), higher for MI (RR: 1.67, 95%CI: 1.50-1.85), and higher for stroke patients (RR: 1.67, 95% CI: 1.51-1.83). Adjusted and unadjusted risk estimates for inpatient mortality are provided in Table 2 . A decreased risk of inpatient death was reported in patients with coexisting deficiency anemias Sex, income, having Medicaid or self-pay compared to having Medicare, admission day (weekend versus weekday), admission type (elective versus non-elective), coexisting alcohol abuse, rheumatoid arthritis/collagen vascular diseases, chronic blood loss anemia, chronic pulmonary disease, liver disease, lymphoma, peripheral vascular disorders, pulmonary circulation disorders, and renal failure were not associated with an increased risk of inpatient mortality.
The hospital characteristics (size, teaching status of urban hospitals, and hospital control/ownership) were not significantly associated with inpatient mortality. However, a higher risk of inpatient mortality was recorded in hospitals in small metropolitan areas with less than 1 million residents compared to hospitals in large metropolitan areas with at least 1 million residents (RR: 1.32, Vaccines 2018, 6, 59 6 of 12 95% CI: 1.10-1.58), while a lower inpatient mortality risk was observed in hospitals in micropolitan areas compared to those in large metropolitan areas (RR: 0.67, 95% CI: 0.51-0.88). The results of the multivariate analysis for inpatient mortality are presented in Table 3 . 
Length of Hospital Stay, 30-Day Readmission Rates, and Costs
The mean (±SD) length of hospital stay among older patients hospitalized primarily for CAP was 5.2 ± 3.8 days, and this was higher compared to DM (4.6 ± 3.8 days, p < 0.0001) and MI patients (4.3 ± 3.6 days, p < 0.0001). The length of hospitalization for CAP and stroke patients (5.6 ± 5.5 days) was similar, with a median length of hospital stay of four days for both conditions. The 30-day readmission rate was 17% in CAP patients, which is higher compared to MI (15%) and stroke (11.5%) patients. DM had the highest 30-day readmission rate at 20.3%.
The average cost of each hospitalization for CAP ($9686 ± $8340) was higher than the average cost for a DM hospitalization ($9057 ± $9246), while the cost/hospitalization was higher for MI and stroke compared to CAP at $18,148 ± 13,088 and $12,188 ± 10,283 respectively. For the study year, CAP accounted for the highest total costs, with the total cost being $1130 million while DM costed $304 million, MI costed $1059 million, and stroke costed $819 million. The total hospitalization costs attributed to CAP alone exceeded the cost attributed to DM and stroke combined. Estimates for the length of hospital stay, costs, and 30-day readmissions are provided in Table 4 . A comparison of hospitalization metrics for CAP, DM, MI, and stroke are also provided in Figure 2 . 
Discussion
This study estimated the mean length of hospital stay, inpatient mortality, cost per discharge, total costs, and 30-day readmission associated with CAP relative to DM, MI, and stroke in older adults aged ≥65 years. Compared to previous studies, the findings of this study are consistent with findings such as the LOS of ≥5 days for CAP as reported by File et al. [16] , the effect of increased age on inpatient mortality as reported by Kaplan et al. [5] , and the non-effect of sex on inpatient mortality 
This study estimated the mean length of hospital stay, inpatient mortality, cost per discharge, total costs, and 30-day readmission associated with CAP relative to DM, MI, and stroke in older adults aged ≥65 years. Compared to previous studies, the findings of this study are consistent with findings such as the LOS of ≥5 days for CAP as reported by File et al. [16] , the effect of increased age on inpatient mortality as reported by Kaplan et al. [5] , and the non-effect of sex on inpatient mortality risk [5] . The association between variables such as inpatient mortality, comorbid conditions, and CAP severity was also consistent with findings by Welte et al. in a European cohort [18] . Also, in a comparative burden of illness study by Brown et al. in a population of Medicare Advantage with Prescription Drug Plan (MAPD) beneficiaries, the mean LOS for CAP hospitalizations (5.2 days) was statistically longer than MI, stroke, and osteoporotic fractures (OF). The 30-day readmission rates for CAP (10%) were also higher compared to 7.7% for stroke and 7.9% for OF [14] .
Our study confirms that DM, MI, and stroke are important disease states contributing to significant morbidity and mortality in individuals aged ≥65 years, thereby justifying the large focus of primary care providers and managed care organizations on these conditions, especially since there are effective preventive medications available. CAP was, however, shown to have a comparable and often higher disease burden compared to these conditions, therefore accounting for the higher risk of inpatient mortality compared to DM, more hospitalization days compared to DM and MI, higher 30-day readmission rates than MI and stroke, and higher average costs per hospitalization compared to DM.
Another major finding of this study is that of the four conditions evaluated, CAP hospitalizations were associated with the highest total cost in the study year. In this cohort, which was representative of the older adult US population, the primary payer spent $304 million on DM hospitalizations, $1059 on MI hospitalizations, and $819 on stroke hospitalizations. In contrast, $1130 million was spent on CAP hospitalizations alone, exceeding the cost attributed to DM and stroke combined. This finding was driven by roughly the hospitalization incidence for CAP being roughly double that of MI and stroke and even larger compared to DM.
To reduce this burden, the need for increased efforts in preventing CAP through the prioritization of pneumococcal vaccinations in older adults cannot be overemphasized. CAP is a highly preventable disease due to the high success rates achieved by vaccinations [23, 24] . Compared to Global Health Goals and Healthy People 2020 targets for immunization and infectious diseases however, pneumococcal vaccination coverage rates remain suboptimal even in high risk populations such as older adults and adults 19-64 years with risk factors for pneumococcal disease [25] .
According to the US CDC Advisory Committee on Immunization Practices, older adults aged ≥65 years are required to receive one dose of the pneumococcal conjugate vaccine (PCV13), followed by a dose of pneumococcal polysaccharide vaccine (PPSV23) at least one year later [26] [27] [28] . In adults aged 19-64 years with risk factors for pneumococcal disease, the recommendations for the pneumococcal vaccination include one dose of PCV13 and at least one dose of PPSV23 depending on the patient's age and health status. Other recommendations by the Infectious Diseases Society of America/American Thoracic Society consensus guidelines for CAP prevention include smoking cessation and influenza vaccinations for high-risk groups [14, 29, 30] .
The pneumococcal vaccination decreases the risk of invasive pneumococcal disease such as pneumococcal meningitis and bacteremia and the rate of CAP-associated hospitalizations [23, 24] . Compared to preventive measures for DM, MI, and stroke, which could include lifestyle modifications, multidisciplinary teamwork across the healthcare spectrum, pharmacotherapy, patients' involvement, and the associated yearly cost of prevention efforts for these diseases, the utilization and cost of the pneumococcal vaccination is potentially a very efficient and effective use of disease control resources in the older population, especially when compared to the overall relative burden of CAP in this population.
While it is warranted to focus on these commonly feared diseases in older adults, our study demonstrates the enormous clinical and total cost burden of CAP hospitalizations in the older population, with total costs attributed to CAP hospitalizations exceeding the costs attributed to DM and stroke combined due to the much higher incidence of CAP hospitalizations. This burden is further worsened by the fact that only 40-60% of CAP episodes lead to hospitalizations while the remainder are managed in outpatient or emergency care settings [19] . Thus, beyond the limitations mentioned below, this study has underestimated the true burden of CAP, therefore providing further incentives for preventive efforts.
Limitations
The NRD provides a nationally representative database on all hospitalizations and readmissions while providing a very large sample of deidentified, patient-level information needed for analyses. Limitations for this data include a lack of detailed clinical data (e.g., laboratory values), assessment of medication use, or vaccination status. NRD data is cross-sectional for each hospitalization; thus, the timing of events for a hospitalization cannot be assessed. NRD does allow for a patient follow-up within a given year and state but cannot account for patients who are hospitalized in more than one state. Our findings may only be generalizable to the U.S. older adult population as underlying disease rates may differ across developed or undeveloped countries.
Conclusions
CAP is associated with a comparable clinical and economic burden relative to myocardial infarction (MI), stroke, and diabetes mellitus (DM) in older adults. Compared to DM, CAP is associated with a longer hospital stay, higher inpatient mortality, and higher costs per hospitalization but lower 30-day readmissions rates. Compared to MI, CAP is associated with a longer hospital stay and higher 30-day readmissions rates but a lower inpatient mortality and lower costs per hospitalization. Compared to stroke, CAP accounts for a similar length of hospital stay, lower inpatient mortality, and a lower cost per hospitalization but higher 30-day readmissions rates. The total costs associated with CAP are, however, the highest of the four conditions in the study year. Being a highly preventable disease due to the availability of effective vaccines, these findings on the burden of CAP highlight a need for an increased resource allocation in disease control efforts for CAP that is comparable to other serious conditions like DM, MI, and stroke in older adults. 
